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introduction

Ag w= all kncw, the 1lsws of classicel physics are not applied to the atom.
The wotion of =lectrons was studied by the aild of quantum mechanics. It would
seem necessary to approach the problem of the structure of elementary particles, 2
especially the slectron, exclusively from tie vievpoint of quantwn laws. But B
the present gvantum theory offers no solution of this difficulty in connec%ion
with the na‘ure of ‘the maas of elementary particles. Henc., comperatively
recent vork has been underteken anew on the classical theory cf elemen
purticles, Zn vhich ons of the foundsrs of the quantum mechanics, Divec [1/,
tock part.

The possibility of describing some properties of elementary particles
by the aid of the classical theory is obviously not am accident. As a rule,
tum lava develop into classical laws when de Broglie's wave length h/mv
h is Planck's constant and mv 1s tie momentum of the particlae) i3 reduced
to zerc. In particular, the electromagunetic mass of en electron . ,
, mel~~ % rpc? ( +, s the radfus of the elactros) does
not deperd on Planck's constant h, for which reascn it is perfectly natursl
to study this central problem by the classical theory.

Let ws emphatically state that elimination of the difficulties cornzcted
vwith electrostatic energy (linear proper energy) can proceed parsllel with
both the classical and the qusatum theories. We remamin face to face with
gpecific quantum infinities of the proper enmergy of a point charge bound to
fluctuations in the transverse field (transverse proper energy) and not in-
cluded in the ciassical theory [2/.
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It ie poseible that in future theoriea about elementary particles
applicebility cof both classical snd quantum laws will be limited to a certain
minivon distance a to be introdvced, for instance, in the theory of quantum
spAce £37 but if these Aifficulties are solved within the fremework of
contemporary quantum theory, we must expect in every cese that the magnitudes
found vhich are not dependent on Flanck's constent muet coincide with the
classical 1imits. Furthermore, the classical standards have considerable
heuristic power, often pointing the way to the construction of a more

avand suantiom thanwe
=NECe QURLTE LSS

The problem of the nature of the electron mass is basic in the theory
of elementary particles. Up %o the present, we have not mown vhether the
electron mass originates from the electromagnetic energy of & charged particle
{#1e14 hypothesic) or vhether it is necesssry 1o introduce the mass in the
basic equation of motion as some conztunt magnitude (monfield hypothesis).

Basic Bquations

The equation of wotion of & single slectron im on external electromagmetie
2161d .akes the form:

i = F F )

vhere m 1 the.res® wass and x# is the coordinates of the electrom (%, v, z,
ict), depending on the proper time s(x - &x/ds); ¥* and F¥ are respectively
for forccs acting un the electron in the external and internel fields.

The interna’ Zorce is connscted with ‘he electromagretic fleld by the
relation

Fi=(e/c) % "HEY @

whers e 1: the electron charge. But the force of self-action for an electron
of radiue T, equals

Flas —om ot 3 = (262)37) (XM —c 72 3% %), (3)

Hare, e~ e/t by , and the discevded terms are of the order r,. Expression
(3) represents the expansion of FM in termc of r,/a; it ie the relationship
betwesn electron redius T, and vave-length " of oscillat cn of the electron.

Recently, Dirac offered a classical theory of the point electron (rg— 0),
in the ctructure of vhick the following weaknesses appeaced:

fr the radius of the electron tends toward zero (r, — 0), the
fisld mu ‘w®l becomes infinite. To eliminate this difficulty, soms mathods
have been suggested: the theory of A -processes, compensation for the in-
finite electromagnetic mass of an electron by another nonfield mass with a
negative value, etc.

It seems to us that the most rationsl method of eliminating an
infinite field mass is to introduce a second non-Maxwell field, acting cnmly
upon the electrons producing it /B/. So that a non-Maxwell field may not have
rediations in the form of electromagneilc vaves, it is necessary in calculating
it to take the half-sum of the retardational and advancing potentials. In
this ccee, for the second forve of self-action we shall havs:
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T =

s ,‘:l ;A!.

Joo L
Fa=mes » (1)

Then the equations of motlon of & point electron will take the form first

pointed out by Dirac:

e

M A== (e fe ) X* SN ST S s
/ { . (o)

et us notice that the variation in mass with velocit,v. of a
moving electron is completely +dentical for both field and nonfield masses.
Therefors, experiwents made along these lines cannot aclve the problem concern-~
ing the origin of mass.

for field apd nonfield masses rill

Equations of motion, however
5\ ro). For & point electrxonm,

differ in repidly tluctuation fields (
equation (5} is employed for wave lengths ae small ss desired, vhile for aa

aslectron posgessing electromagnetic negs (see relation E }, this equation is

only approximate and is admigsible for oscillatious of electrons whoss wave
length A exceads the electron redius. Finally, it has not been possible
with the Maxwell-Lorentz theory, to jptroduce by the relativistic inveriant

method a length vaick plays the part of ar electron’s radlus. Consequently,

if ws remlly wish to remain within the Pramework of the field mass theory, we
must make new relativistic invariant theories, among which we may aote first

of all, Sorn's nonlinear theory or the Bopp-Podol'skiy field theory with higher

order of derivatives.

b. The second difficulty is counected with solving Divac’s equation
vhich, beside scceleration ¥4 , includes still another derivative of the
acceieration %@ . A detafled amalysis by Belousov end Varkov /5] proved
4hat equation (5) 18 not a correct solution if at the initial momen? the
jpitial acceleration is also assigned in addition to coordinater and velocity.
However, our researcn [i/ demonstrates that equation (5) ie & rorroct solution
if we require the electron, for 8 = o , to move in accordance with Srertia;

tuat is, besides initial coordinates and velocity, which can be assigned
for g== -~ 00 , a finit2 acceleration reducing to zero at 8 =c> , mugt wlso

e sssigued /8 = time/.
In particular for rectllinear motion taking place oateide the
electrowagoetic fleld E, we found that: )
X c i g, A=¢ ch g,
g(s)= qr(S)-}—-y“(s). (6)

Bere, o© Tepresents the retardation solution
grs)me/me) [E(Dds) o
-
just prior to time

since the exterpal field is taken at the moment of time 8°
8, apd g* is tbe advance or leading golution:

P
7% (s)= 'fz S E (s°) e (s--$')/so ds! -
Ky
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(9)

The solution conpected with advance sction is very interesting. It is as if
the electron were distributed along the time axi.:! consequently, after s,
geconds it begins to toke on the appearance of the externmal field. After this
time the eleciromagnetic weve is able to treverse the distance: i

5y = 21’0/3‘
which we take as the redius of the electron.

Thus, the field theory introduces the electron radius ry, aud
the electromagnetic mess is expressed by means of this radius. In our case,
hovever, the nonfield mass of an electron was introduced which =utomatically
leads to the ides o7 the radius of an electron.

New additional conditions (reduction of acceleration to O st
. 8 ==w )} influence the formulatjon of the basic (variautive) principies
o of clsssical mechapics.

o As is well-known, there are two methods of approachirg & veriantive
problem in cleggical wechaulcs. In ihue Lagrengian method, in which o Lagrangian
fucctionis agaigred for ery time intervel of a moving material poiat, we have
es a function of action:

S= Lds”’ (10)

-—c0

Ir this cuase we must uesign veriations at the limits of integration that is,
at gwm + c© ., In the othsr method, the Hamilton-Jacobi method, the scticn

froction tekes the form: -
S
S S L a’& ', (11)
—

thet is, the Lagrangian I, 15 assigied only ntil the sought for moment of time
8. Ths Hamiltcu-Jacobi method vermits solutions only with initial conditions.

In clessical mechanics Lagrangian formmles erz considered in-
vhich both methods arxe absolutely ideatical; thet 18, wlen 14 is sufficient
for the solution of the whole problem to &ssign only initial conditions (the
coordinates and velocity). A pcfut clectron's equation of motion can be
solved only when the limits besides the initial conditions are assigned;
therefore, the variantive problem of the motion of e point electron can be
formulated only by the ald of the Lagrangian method {see, for example, /E7).

Motion of Two Conbected Electrons

The simplest example of electron motion in an external field is the motion
of two electrons between which electromagnetic (external) forces are acting.
If we denote the magnitudes referring to the first and second electrons raspec-
tively by indices 1Y and 2, we shall have the following equation describing
the first electron's motion:
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Here, *he f£ield produced by the second electron {let us take the reterdation
solution) will bte delermined from the egqustion:

Pl —Ea )t 2] d gy (xRl )= () RE) (13)

My, e
Hy=— - -
2 12.('1/—';-2.)

dSJ_

5(,_-(1, —Xxz)

The coordinates of the first electron X{ depend on its own time s, und the

second on sp.

(X, =%, ) (%, — %3 )=0.

Both these timss are connected by the relation

(1%)

Po obtain the equation of moticn for the cecond electron we must inter-

change the indices 1L and 2 in the last equations.

In the genersl case cf &

gystem of equations describing the wtion of two electronms 1t is rather
dirficult o £ind & sclution, especially if the veriables x) and x, are
considered to depend upon different arguments. -

Moreover, we want to anaiyze the coupled oscillation of two elactrone,
that is, the motion in vhich the electrcns oscillete with a wave length

that often exceeds the distance R between them.

s oholl 14mit cwmeslves Lo nonvelstdsdatde ymifarm wation.

that 8] == t, 8p == t', we shall then have x

For the sake of simplicity,
Aamuming in {12}

x,(3), xpm=xa(t').

g ==

Disregarding terms of the order (x;_/c)‘ and so forth in equaticns (12)
and (13), we sha’l f£ind that the following equations determine the oscillatlons

of both elestromn: :

.z

om ¥, =

F,4 (2e*/3e2) %0
o Ko Foy F(2%/33) %0s

(15)

vhere F,, an! ¥y, are forces of {nteracticn. In additi 2, the right »arts

of %thz !
wotion to the electrons.

tier eqvations mvst imply an external force communicoting oscillatory

In ocur cese of rectilinear motion, we have:

Fom=—-c*/R*+2e*%, () /R

2
2

(16)

vhere R' > | xp(t') — x3(t)} , ¢' =t - B/e, R - xp(t) - x,'(t), end the
last equation is 1ritien on the assumption that x2 t) >xy(t).

Expanding F1, in the varlable R/c and discarding terms proportiomal to K,
12

wve shall obtain

er _er3.(0)

Flan—fe_i

c*R

CJ

2ei¥ )
+ 3 x7)
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It stands to reagon that the imdiceted expsnsion possesses significance

(R/C)(%z/iz)<<l

when

RN

or in the case of harmonic oscillations
K / A K], ‘ : (28)
By 2 aimiler method 1t is easy to obtain

g2 e X, (l 2e* %, (1)
2 Z iR 37 (19)

Substituting the tast expression in (15), let ue £ind the followicg equation
for the oscillation of the centroid x - (xl+x2)/2 of botb electrons:

v (2e)* s 2(2e)%,,.
2mi =iy X s X (20)

_Hence, we see that the concept of electromagnetic mass prese.ves its significence
aven when two or more reacting pertfcles are present. With this electro-
magnetic wass, there is added to the totel pass of particles

%'12(19)1/252R, (21}

When there are repelling fcorces, this mass has @ positive value; and
when theie are forces of attraction, thias meas is a negative quantity. It
means that for forces of friction end for the total encrgy of radiation the
lav of additivity does not 20ld true, inasmuch os the force of friction ie
proportional to the sgquare of the charge. ’
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